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Experimental Section
Chemicals were purchased from Acros Organics (Geel, Belgium) and were used without further purification. 69, 148.48, 147.09, 131.89, 120.33, 112.42, 111.76, 56.04, 55.42, 55.29, 31.60, 34.05, 33.26, 28.11, 24.99 . 
Synthesis of N-(benzo[
d
Synthesis of Methyl
Synthesis of five double-functionalized GNPs: GNP-3 to GNP-7
The double functionalized GNPs (GNP-3 to GNP-7) were synthesized using different ratio of ligand 1 and ligand 2. The amount of each reagent used for experiment was listed in table 1. In a typical experiment, 1.5 mL of water containing chloroauric acid (25.0 mg, 0.063 mmol) was added to a solution of ligand 1 (10.7 mg, 0.032 mmol) and 2 (11.8 mg, 0.032 mmol) in MeOH (12.0 mL). After stirring for 30 min at room temperature, NaBH 4 (9.5 mg, 0.252 mmol) in 12 mL water was added to the mixture drop wise. The solution turned red immediately and the solution was stirred for 4 hrs at room temperature. 1M HCl was added to the reaction mixture drop wise to neutralize the excess NaBH 4 . To remove the free ligands and solvent from the GNPs, the reaction mixture was centrifuged at 13000 rpm for 60 min. The colorless supernatant was decanted and the solid was dissolved in 20 mL methanol or deionized water alternatively followed by sonication and centrifugation. This wash-centrifugation cycle was repeated five times. After the final washing step, the double-functionalized GNPs were dried in vacuum at 50 ˚C for 12 hrs.
Synthesis of double functional GNPs 9-13
The double functional GNPs 9-13 were synthesized using different amount of liand 1 and 3 (Scheme S1). The amount of each reagent used for experiment was listed in SI- Table 2 . In a typical experiment, 1.5 mL of water containing chloroauric acid (25.0 mg, 0.063 mmol) was added to a solution of ligand 1 (10.7 mg, 0.032 mmol) and 3 (11.8 mg, 0.032 mmol) in MeOH (12.0 mL). After stirring for 30 min at room temperature, NaBH 4 (10 mg, 0.252 mmol) in 12.0 mL water was added to the mixture dropwise. The solution turned red immediately and was stirred for 4 hrs at room 4 temperature. 1M HCl was added to the reaction mixture dropwise to neutralize the excess sodium tetrahydroborate. To remove the free ligand and solvents from the GNPs, the reaction mixture was centrifuged at 13000 rpm for 30 min. The colorless supernatant was decanted and the solid was dissolved in 20 mL methanol or deionized water alternatively by sonication and centrifugation. This wash-centrifugation cycle was repeated 5 times. After the final washing step, the GNPs were dried in vacuum at 50 ˚C for 12 hrs.
Synthesis of triple-functionalized GNP-8
Ligand 1 (10.7 mg, 0.032 mmol), 2 (11.8 mg, 0.032 mmol), 3 (11.8 mg, 0.032 mmol) were dissolved in MeOH (12 ml). To this solution was added 1.5 mL of water containing chloroauric acid (25.0 mg, 0.063 mmol). After stirring at room temperature for 30 min, 12 mL water containing NaBH 4 (9.5 mg, 0.252 mmol) was added to the mixture drop wise. The solution turned red immediately and the solution was stirred for further 4 h at room temperature. 1M HCl was added to the reaction mixture drop wise to neutralize the excess sodium tetrahydroborate. To remove the free ligands from the GNPs, the reaction mixture was centrifuged at 13000 rpm for 30 min and washed as described above. After the final washing step, the triple-functionalized GNPs were dried in vacuum at 50 ˚C for 12 hrs.
Cleavage of ligands from GNPs with I 2
GNPs (2.0 mg) were dispersed in 100 µL MeOH and sonicated to make a uniform suspension. A solution of I 2 (100 µL, 13 mg/mL) was added and the mixture was shaken for 30 min at room temperature. The naked GNPs were removed by centrifugation at 13000 rpm for 30 min. A 20 µL of the supernatant was injected into HPLC/MS/UV/CLND system for analysis.
FTIR Spectroscopy
Approximately 1 When the ligands were cleaved from GNPs 9-13 by I 2 and subsequently checked by HPLC/MS/UV/CLND, the identity of each ligand was confirmed by the mass spectra (Figure S2, a and b) . Evidence shown clearly the amount of ligand was 6 changed with the usage of the reactants (Figure S2, c and d) . The result of CLND analysis was listed in SI- Table 2 . The loading of ligand 1 on GNPs was from 0.05 mmol/g to 0.08 mmol/g from GNP-3 to GNP-7, while the loading of ligand 3 was from 0.01 mmol/g to 0.14 mmol/g. It was noticeable that the highest loading of ligand 1 did not exist when highest amount of ligand 1 was used for synthesis, properly due to the minor difference for reaction conditions, such as the reaction temperature and the adding rate of NaBH 4 . However, we still could conclude that competed with ligand 3, ligand 1 had higher affinity with Au in all cases (for example, when the ratio of ligand 1 and 3 was 4:1 for synthesis, the loading of ligand 1 and 3 on GNP surface was 6.0:1.0 instead). Table S1 . Elemental analysis of naked GNP-3 and GNP-5 Naked GNPs C H N Naked GNP-3 <0.5% <0.5% <0.5%
Naked GNP-5 <0.5% <0.5% <0.5% Table S2 . The ratio was based on peak at 924 cm -1 from ligand 1 and at
